Three Gram-staining-negative non-endospore-forming strains were isolated from farmed fish in Chile: one (LM-09-Fp T ) from a rainbow trout (Oncorhynchus mykiss) and the others (LM-19-Fp T and LM-20-Fp) from two Atlantic salmon (Salmo salar). Phylogenetic analyses based on 16S rRNA gene sequences indicated that all three isolates belonged to the genus Flavobacterium. In these analyses, strain LM-09-Fp T appeared most closely related to the type strains of Flavobacterium chungangense (98.5 % sequence similarity), Flavobacterium glaciei (98.2 %), Flavobacterium aquidurense (97.6 %), Flavobacterium saccharophilum (97.6 %) and Flavobacterium hercynium (97.6 %). The 16S rRNA gene sequences of strains LM-19-Fp T and LM-20-Fp were found to be identical and most similar to the corresponding sequences of the type strains of Flavobacterium aquidurense (98.6 %), Flavobacterium frigidimaris (98.5 %), Flavobacterium hercynium (97.9 %), Flavobacterium saccharophilum (97.7 %) and Flavobacterium pectinovorum (97.7 %). For each of the three novel strains, menaquinone (MK-6) was the predominant respiratory quinone and the major compounds in the polar lipid profile were phosphatidylethanolamine, an unidentified aminolipid, phosphatidylserine and two or three unknown lipids. The fatty acid profile of each strain, which comprised major amounts of iso-C 15 : 0 , C 15 : 0 and summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH) as well as smaller amounts of various hydroxylated fatty acids (e.g. iso-C 16 : 0 3-OH, iso-C 17 : 0 3-OH, C 16 : 0 3-OH and C 15 : 0 3-OH), indicated that each belonged to the genus Flavobacterium. Based on their physiological and biochemical characteristics and the results of DNA-DNA hybridizations, which showed relatively low levels of relatedness between the novel strains and the most closely related Flavobacterium species, strain LM-09-Fp T (5LMG 26360 T 5CCM 7940 T ) represents a novel species within the genus Flavobacterium, for which the name Flavobacterium chilense sp. nov. is proposed, and strains LM-19-Fp T (5LMG 26359 T 5CCM 7939 T ) and LM-20-Fp (5LMG 26331) represent a second novel species within the same genus, for which the name Flavobacterium araucananum sp. nov. is proposed.
Three Gram-staining-negative non-endospore-forming strains were isolated from farmed fish in Chile: one (LM-09-Fp T ) from a rainbow trout (Oncorhynchus mykiss) and the others (LM-19-Fp T and LM-20-Fp) from two Atlantic salmon (Salmo salar). Phylogenetic analyses based on 16S rRNA gene sequences indicated that all three isolates belonged to the genus Flavobacterium. In these analyses, strain LM-09-Fp T appeared most closely related to the type strains of Flavobacterium chungangense (98.5 % sequence similarity), Flavobacterium glaciei (98.2 %), Flavobacterium aquidurense (97.6 %), Flavobacterium saccharophilum (97.6 %) and Flavobacterium hercynium (97.6 %). The 16S rRNA gene sequences of strains LM-19-Fp T and LM-20-Fp were found to be identical and most similar to the corresponding sequences of the type strains of Flavobacterium aquidurense (98.6 %), Flavobacterium frigidimaris (98.5 %), Flavobacterium hercynium (97.9 %), Flavobacterium saccharophilum (97.7 %) and Flavobacterium pectinovorum (97.7 %). For each of the three novel strains, menaquinone (MK-6) was the predominant respiratory quinone and the major compounds in the polar lipid profile were phosphatidylethanolamine, an unidentified aminolipid, phosphatidylserine and two or three unknown lipids. The fatty acid profile of each strain, which comprised major amounts of iso-C 15 : 0 , C 15 : 0 and summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH) as well as smaller amounts of various hydroxylated fatty acids (e.g. iso-C 16 : 0 3-OH, iso-C 17 : 0 3-OH, C 16 : 0 3-OH and C 15 : 0 3-OH), indicated that each belonged to the genus Flavobacterium. Based on their physiological and biochemical characteristics and the results of DNA-DNA hybridizations, which showed relatively low levels of relatedness between the novel strains and the most closely related Flavobacterium species, strain LM-09-Fp T (5LMG 26360 T 5CCM 7940 T ) represents a novel species within the genus Flavobacterium, for which the name Flavobacterium chilense sp. nov. is proposed, and strains LM-19-Fp T (5LMG 26359 T 5CCM 7939 T ) and LM-20-Fp (5LMG 26331) represent a second novel species within the same genus, for which the name Flavobacterium araucananum sp. nov. is proposed.
The genus Flavobacterium comprises a very diverse group of bacteria that have been isolated from various sources but often from freshwater or fish tissue (Bernardet et al., 2002; Bernardet & Bowman, 2006) . At the time of writing, the genus contained more than 60 established species. In this study, the taxonomic positions of three strains of Flavobacterium-like bacteria, each isolated from farmed fish in Chile, were studied using a polyphasic approach, resulting in the description of two novel species of the genus Flavobacterium.
Strain LM-09-Fp T was isolated in 2006 from an external lesion on a diseased rainbow trout (Oncorhynchus mykiss) reared on a fish farm near Aysen, in southern Chile. Strains LM-19-Fp T and LM-20-Fp were recovered (from a kidney and an external lesion, respectively) from two different diseased Atlantic salmon (Salmo salar) farmed in Concepción, in central western Chile, in 2008. All three strains were isolated on plates of agar-solidified tryptone-yeast extract-salts (TYES) medium, containing (w/v) 0.4 % tryptone, 0.05 % yeast extract, 0.02 % CaCl 2, 0.05 % MgSO 4 . 7H 2 O and 0.9 % agar, at pH 7.2. The inoculated plates were incubated aerobically at 15 u C for 3-5 days. Each novel strain was isolated from a mixed culture that contained Flavobacterium psychrophilum, a well-known fish pathogen; the virulence of each novel strain to fish has not yet been assessed by challenge experiments.
The strains were routinely grown on nutrient agar (NA; Oxoid) at 25 u C and maintained on tryptone-soy agar (TSA; Oxoid) at 25 u C. Stock cultures were maintained frozen at -80 u C in Criobilles tubes (AES Laboratories) or in tryptone-soy broth with 15 % (v/v) glycerol.
The susceptibility of each novel strain to antibiotics was investigated by using the disc-diffusion method on Mueller-Hinton agar, as recommended by the Clinical and Laboratory Standards Institute (CLSI, 2006) . The results were read after incubation at 25 u C for 48 h. All three novel strains were found to be highly susceptible to florfenicol, enrofloxacin and oxytetracycline (with mean diameters for the inhibition zones of 43, 42 and 38 mm, respectively) and moderately susceptible to oxolinic acid (with inhibition zones that had a mean diameter of 22.3 mm).
The 16S rRNA gene sequence of each novel strain was determined as described previously (Kämpfer et al., 2003) . The sequences were amplified by PCR based on the 27F (59-AGAGTTTGATCMTGGCTCAG-39) and 1492R (59-ACG-GYTACCTTGTTACGACTT-39) universal primers (Lane, 1991) , before being sequenced with standard sequencing primers. The 16S rRNA gene sequences that were analysed for strains LM-09-Fp T , LM-19-Fp T and LM-20-Fp were continuous stretches of 1388, 1392 and 1392 bp, respectively. Phylogenetic trees and distances were calculated using the December 2004 version of the ARB software package (Ludwig et al., 2004) and the August 2009 release of the SILVA SSURef 100 database (Pruesse et al., 2007) . After the pairwise calculation of evolutionary distances, a neighbourjoining phylogenetic tree that included the majority of established Flavobacterium species was constructed (Saitou & Nei, 1987) , with bootstrap values based on 1000 replications ( Fig. 1 ). Additional trees, constructed using the maximum-likelihood method with fastDNAml (Olsen et al., 1994) , without filters ( Fig. S1 , available in IJSEM Online) or the maximum-parsimony algorithm (data not shown) showed similar topologies with respect to the novel strains and their closest relatives.
In the phylogenetic analyses based on 16S rRNA gene sequences, the closest relatives of strain LM-09-Fp T appeared to be Flavobacterium chungangense KACC 13353 T (98.5 % sequence similarity), Flavobacterium glaciei DSM 19728 T (98.2 %), Flavobacterium aquidurense DSM 18293 T (97.6 %), Flavobacterium saccharophilum NCIMB 2072 T (97.6 %) and Flavobacterium hercynium DSM 18292 T (97.6 %). The 16S rRNA gene sequences of the other two novel strains, LM-19-Fp T and LM-20-Fp, were found to be identical and most similar to the corresponding sequences of Flavobacterium aquidurense DSM 18293 T (98.6 %), Flavobacterium frigidimaris CIP 109029 T (98.5 %), Flavobacterium hercynium DSM 18292 T (97.9 %), Flavobacterium saccharophilum NCIMB 2072 T (97.7 %) and Flavobacterium pectinovorum CIP 104742 T (97.7 %). The 16S rRNA gene sequences of strains LM-09-Fp T and LM-19-Fp T showed 97.4 % similarity.
DNA-DNA hybridization experiments were performed according to the method described by Ziemke et al. (1998) For each novel strain, the biomass from which polar lipids were extracted was harvested from cells grown on CASO agar [1.5 % (w/v) peptone from casein, 0.5 % (w/v) soya peptone, 0.5 % (w/v) NaCl and 1.5 % (w/v) agar, at pH 7.3]. Respiratory quinones were extracted and investigated as previously described by Collins et al. (1977) and Groth et al. (1996) . Menaquinone MK-6 was the predominant respiratory quinone in each of the three novel strains investigated. The polar lipids were extracted by the method of Minnikin et al. (1979) and identified by twodimensional TLC, as described by Collins & Jones (1980) . The major polar lipids were phosphatidylethanolamine (in all three novel strains), an unidentified aminolipid (in all three novel strains), phosphatidylserine (in strains LM-09-Fp T and LM-19-Fp T ) and two or three unknown lipids (Fig. 2) . Strain LM-20-Fp contained only traces of phosphatidylserine, as well as traces of an unknown lipid not seen in strains LM-09-Fp T and LM-19-Fp T .
Fatty acid analysis was performed not only on strains LM-09-Fp T , LM-19-Fp T and LM-20-Fp but also on the type strains of three closely related Flavobacterium species (see Table 1 ). Cells were grown on TSA at 28 u C for 24 h and fatty acid patterns were generated using the method described by Kämpfer & Kroppenstedt (1996) using a model 6890 GC (Hewlett Packard), version 2.11 of the Sherlock software package (MIDI), and version 4.1 of the TSBA peak-naming table. The fatty acid profiles of the three novel strains were similar to those of the three reference strains (Table 1) , with major amounts of iso-C 15 : 0 , C 15 : 0 and summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH) and smaller amounts of IP: 54.70.40.11
On: Thu, 03 Jan 2019 06:33:03 various hydroxylated fatty acids such as iso-C 16 : 0 3-OH, iso-C 17 : 0 3-OH, C 16 : 0 3-OH and C 15 : 0 3-OH.
Gram staining was performed using the modified Hucker and Conn method, as described by Gerhardt et al. (1994) . Cell morphology and gliding motility were investigated under a Zeiss light microscope at 10006 magnification, using cells grown for 24 h at 28 u C on TSA and nutrient broth, respectively. The presence of cell-wall-associated flexirubin-type pigments and the absorption of Congo red were investigated by the methods of Bernardet et al. (2002) . Physiological characterization of the strains and additional biochemical tests were performed as described previously (Kämpfer et al., 1991) . The production of hydrogen sulphide was investigated using lead acetate paper and the triplesugar-iron method, the indole reaction was explored with Ehrlich's and Kovacs' reagents, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, b-galactosidase and urease activities were evaluated on Christensen's urea agar, and the hydrolysis of casein, gelatin (plate method), starch and tyrosine was also investigated (Smibert & Krieg, 1994) . Results of the comparative physiological characterization of the novel strains and the most closely related Flavobacterium species are given in Table 2 and in the species descriptions. Growth at 4, 11, 20, 25, 30, 37 and 45 u C was investigated on TSA. NaCl tolerance was also investigated on TSA, after supplementing the medium with 0.5-8.0 % (w/v) NaCl. The pH range for growth was tested at 20 u C on TSA adjusted to give initial pH values of 4.5, 5.5, 6.5, 8.5, 9.5 and 10.5.
Fatty acid profiles as well as the results of the phylogenetic analyses of 16S rRNA gene sequences indicate that strains LM-09-Fp T , LM-19-Fp T and LM-20-Fp are affiliated with the genus Flavobacterium. Based on the observed phenotypic differences, the results of the DNA-DNA hybridization studies and the differences in 16S rRNA gene sequences, strain LM-09-Fp T represents one novel species within the genus Flavobacterium, for which the name Flavobacterium chilense sp. nov. is proposed, and strains LM-19-Fp T and LM-20-Fp (5LMG 26331) represent a second novel species within the same genus, for which the name Flavobacterium araucananum sp. nov. is proposed.
Description of Flavobacterium chilense sp. nov.
Flavobacterium chilense (chi.len9se. N.L. neut adj. chilense of or belonging to Chile).
Cells are Gram-staining-negative, strictly aerobic, long rods, measuring 0.8-1.0 mm in diameter and 2.0-3.0 mm in length, with gliding motility. Colonies grown on TSA are circular, convex and yellowish. Positive in the flexirubin test. Congo red is not absorbed. Good growth occurs on NA, TSA, Columbia sheep blood, Luria-Bertani, R2A, brain-heart infusion and Mueller-Hinton agars but no growth occurs on marine agar 2216 or thiosulfate-citratebile salts-sucrose agar. Optimal temperature for growth is between 25 u C and 28 u C; growth occurs at 4-30 u C but not at 2 u C or 36 u C. Cells grow in the presence of 0-3 % (w/v) NaCl and at pH 6.5-8.5 (optimum between pH 7 and pH 8). Positive for oxidase. The polar lipid profile consists mainly of phosphatidylethanolamine, an unidentified aminolipid, phosphatidylserine and other unknown lipids. The predominant quinone is MK-6. Major fatty acids are iso-C 15 : 0 , C 15 : 0 and summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH), with iso-C 16 : 0 3-OH, iso-C 17 : 0 3-OH, C 16 : 0 3-OH, C 15 : 0 3-OH and other hydroxylated fatty acids present in smaller amounts. Acid is produced from D-glucose, lactose, L-arabinose, maltose, D-mannose, Dxylose, trehalose and cellobiose but not from sucrose, , separated by two-dimensional TLC and detected with molybdatophosphoric acid. PE, Phosphatidylethanolamine; PS, phosphatidylserine, AL, unidentified aminolipid; L1, L2 and L3, unidentified polar lipids that did not react with the spray reagents specific for a free amino group, phosphate or sugars. D-mannitol, dulcitol, salicin, D-adonitol, inositol, sorbitol, raffinose, rhamnose, methyl D-glucoside, erythritol, melibiose or D-arabitol. Casein, tyrosine, gelatin and starch are hydrolysed. Does not produce H 2 S or indole, and negative for urease, lysine decarboxylase, ornithine decarboxylase and arginine dihydrolase activities. N-Acetyl-D-galactosamine, N-acetyl-D-glucosamine, L-arabinose, arbutin, cellobiose, gluconate, D-fructose, D-galactose, D-glucose, inositol, L-malate, maltose, D-mannitol, D-mannose, melibiose, pyruvate, rhamnose, D-ribose, sorbitol, sucrose, trehalose, Dxylose, L-alanine and L-ornithine are utilized as carbon sources but acetate, cis-aconitate, adipate, D-adonitol, azelate, b-alanine, L-aspartate, citrate, fumarate, glutarate, L-histidine, 3-hydroxybenzoate, 4-hydroxybenzoate, DL-3-hydroxybutyrate, 4-hydroxybutyrate, L-leucine, D-maltitol, mesaconate, oxoglutarate, phenylacetate, propionate, putrescine, L-phenylalanine, suberate and L-tryptophan are not. Hydrolyses aesculin and the chromogenic substrates o-nitrophenyl
The type strain is LM-09-Fp T (5LMG 26360 T 5CCM 7940 T ), which was isolated from a diseased rainbow trout (Oncorhynchus mykiss) from a fish farm near Aysen, Chile.
Description of Flavobacterium araucananum sp. nov. Cells are Gram-staining-negative, strictly aerobic rods, measuring 0.8-1.0 mm in diameter and 1.0-1.5 mm in length, with gliding motility. Colonies grown on TSA are circular, convex and yellow. Positive in the flexirubin test. Congo red is not absorbed. Good growth occurs on NA, TSA, Columbia sheep blood, Luria-Bertani, R2A, brainheart infusion and Mueller-Hinton agars but no growth occurs on marine agar 2216 or thiosulfate-citrate-bile saltssucrose agar. Optimal temperature for growth lies between 25 uC and 30 uC; growth occurs at 4-30 uC but not at 2 uC or 36 uC. Cells grow in the presence of 0-3 % (w/v) NaCl and at pH 6.5-8.5 (optimum between pH 7 and pH 8). Positive for oxidase. The polar lipid profile consists mainly of phosphatidylethanolamine, an unidentified aminolipid, phosphatidylserine and other unknown lipids. The predominant quinone is MK-6. Major fatty acids are iso-C 15 : 0 , C 15 : 0 and summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH), with smaller amounts of iso-C 16 : 0 3-OH, iso-C 17 : 0 3-OH, C 16 : 0 3-OH, C 15 : 0 3-OH and other hydroxylated fatty acids. Acid is produced from D-glucose, lactose, maltose, Dmannose, D-xylose, trehalose and cellobiose but not from L-arabinose, sucrose, D-mannitol, dulcitol, salicin, D-adonitol, Table 1 . Cellular fatty acid compositions (%) of strains LM-09-Fp T , LM-19-Fp T and LM-20-Fp and members of closely related Flavobacterium species
Strains: 1, LM-09-Fp T (data from this study); 2, LM-19-Fp T (this study); 3, LM-20-Fp (this study); 4, F. chungangense KACC 13353 T (this study); 5, F. saccharophilum NCIMB 2072 T (this study); 6, F. glaciei DSM 19728 T (this study); 7, F. frigidimaris KUC-1 T (Nogi et al., 2005) ; 8, F. aquidurense (Cousin et al., 2007) ; 9, F. hercynium (Cousin et al., 2007) . Each value shown for F. aquidurense and F. hercynium represents a mean of five strains. TR, Trace (,1 %); 2, not detected; ECL, equivalent chain-length. TR  TR  TR  TR  TR   ----2 1.9 1.0 1.8 TR ---11.8 26.2 3 11.8 12.8 13.8 5.3 8.8 12.3 13.9 -1.2 *Summed features represent two or three fatty acids that cannot be separated by GLC using the MIDI system. Summed feature 1 comprises iso-C 15 : 1 and/or C 13 : 0 3-OH; summed feature 2 comprises C 14 : 0 3-OH and/or iso-C 16 : 0 I; summed feature 3 comprises iso-C 15 : 0 2-OH and/or C 16 : 1 v7c. Bernardet et al., 1996; Bernardet & Bowman, 2011) ; 5, F. glaciei DSM 19728 T (this study; Zhang et al., 2006) ; 6, F. frigidimaris KUC-1 T (Nogi et al., 2005) ; 7, F. aquidurense DSM 10293 T (this study; Cousin et al., 2007) ; 8, F. hercynium DSM 10292 T (this study; Cousin et al., 2007) . All strains were negative for the acidification of dulcitol, salicin, adonitol, inositol, raffinose, rhamnose, erythritol, melibiose, methyl D-glucoside and D-arabitol. All strains hydrolysed aesculin, p-NP-b-D-glucopyranoside, p-NP-a-Dglucopyranoside, p-NP-b-D-xylopyranoside, L-alanine-p-NA and L-glutamate-c-3-carboxy-p-NA but none of them hydrolysed L-proline-p-NA. All strains also hydrolysed casein, tyrosine, gelatin and starch. All strains were negative for H 2 S and indole production and for urease, lysine decarboxylase, ornithine decarboxylase and arginine dihydrolase activities. All utilized, as carbon sources, D-glucose, D-galactose, D-mannose, cellobiose and maltose but none utilized arbutin, adonitol, inositol, maltitol, D-mannitol, a-melibiose, 12-29 pH range for growth 6.5-8.5 6.5-8. 
